1 



JAPANESE PATENT OFFICE 
PATENT JOURNAL (A) 
KOKAI PATENT APPLICATION NO. SHO 56[1981]-85909 



Int. CI.': 



Sequence No. for Office Use: 
Filing No.: 
Filing Date: 
Publication Date: 
No. of Inventions: 
Examination Request: 



H03F 1/32 
6832-5J 

Sho 54[1979]-161449 

December 14, 1979 

July 13, 1981 

1 (Total of 4 pages) 

Filed 



AUTOMATIC-TRACKING NONLINEAR COMPENSATION SYSTEM 



Inventors: 



Applicant: 
Agent: 



Toshio Noshima 

Nippon Telegraph and Telephone 
Corp. 

Yokosuka Telecommunication R&D 
Center 

2356 Take 1-chome, Yokosuka-shi, 
Japan 

Tom Oyama 

Nippon Telegraph and Telephone 
Corp. 

1-6 Uchisachi-cho 1-chome, 
Chiyoda-ku, Tokyo, Japan 

Nippon Telegraph and Telephone 
Corp. 

Keiichi Yamaoto, patent attomey 



Claim 

An automatic-tracking nonlinear compensation method that, in a system in which an 
auxiliary circuit with independently controllable phase and amplitude, and whose output 
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characteristic exhibits second-order or higher high-order characteristics relative to its input, is 
inserted in series for nonlinear compensation into a system that is the object of compensation, is 
characterized in that a pilot signal with two or more waves of different frequencies is pre -inserted 
into the input signal, the phase-modulated distortion component that is generated from the pilot 
signal in the output signal of the system being compensated is detected, the level of the detected 
distortion component is stored, the amplitude and phase of the aforementioned high-order 
characteristics are perturbed by a variable attenuator and variable phase shifter, and the level of the 
phase modulated distortion component detected after perturbation is compared with the 
aforementioned stored distortion component level to determine the direction in which the next 
perturbation should be applied to decrease the level of the distortion component after perturbation. 

Detailed explanation of the invention 

This invention pertains to a device that automatically stabilizes the nonlinear compensation 
characteristics in pre-distortion nonlinear compensation methods and post-distortion nonlinear 
compensation methods. 

Pre-distortion and post-distortion methods are known nonlinear compensation methods for 
high-frequency band amplifiers in which negative feedback cannot be employed. At optimum 
compensation point and operating point settings, these compensation methods are able to realize 
nonlinear compensation characteristics across a broadband dynamic range, but since the 
compensation circuit and the circuit being compensated are independent, they have the flaw of 
having inferior nonlinear characteristics when subjected to changes in a variety of electrical 
characteristics. One method of ensuring the stability of this nonlinear compensation characteristic 
involves detecting nonlinear distortion noise generated from the signal itself in a specified narrow 
band and automatically controlling the characteristics of the nonlinear compensation circuit to 
minimize this detected level, as in Japanese Patent Application No. Sho 54[1979]-014358. 
However, since control is impossible in this method when the mean level of the input signal 
fluctuates, it has the flaw of not being applicable to communications systems that transmit these 
kinds of signals. 

Consequently, this invention alleviates the aforementioned flaws in prior art, its purpose is 
to provide an automatic-tracking nonlinear compensation method that is applicable even in cases 
where the mean power level of the input signal changes over time, and the invention is an 
automatic-tracking nonlinear compensation method that, in a system in which an auxiliary circuit 
with independently controllable phase and amplitude, and whose output characteristic exhibits 
second-order or higher high-order characteristics relative to its input, is inserted in series for 
nonlinear compensation into a system that is the object of compensation, is characterized in that a 
pilot signal with two or more waves of different frequencies is pre-inserted into the input signal. 
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the phase-modulated distortion component that is generated from the pilot signal in the output 
signal of the system being compensated is detected, the level of the detected distortion component 
is stored, the amplitude and phase of the aforementioned high-order characteristics are perturbed 
by a variable attenuator and variable phase shifter, and the level of the phase modulated distortion 
component detected after perturbation is compared with the aforementioned stored distortion 
component level to determine the direction in which the next perturbation should be applied to 
decrease the level of the distortion component after perturbation. Example embodiments will be 
described below, using the attached figures. 

Figure 1 is an example embodiment of this invention, and is an example that is applied to a 
pre-distortion nonlinear compensation method whose purpose is to alleviate third-order 
intermodulation distortion noise. In the figure, reference number 1 is a signal input port, 2 is a band 
stop filter, 3 and 10 are power dividers, 8 is a power combiner, 4 is a delay line, 5 is an input-output 
cubing characteristic circuit, 6 is a variable phase shifter, 7 is a variable attenuator, 9 is an 
amplifier that is the object of compensation, 1 1 is a signal output port, 12 is a nonlinear distortion 
detector, 13 is a nonlinear characteristic controller, and 14 is a pilot detector. In addition, the area 
enclosed by the dotted line between a and b constitutes a pre-distortion nonlinear compensation 
circuit 15 (Japanese Patent Application No. Sho 52[1977]-092704). To summarize the operation 
of this device, the noise component of a specified narrow bandwidth is completely removed in 
advance by the band stop filter 2, the distortion sensor 12, which is installed in the output of the 
amplifier being compensated, is used to detect an intermodulation distortion component that has 
been generated from a pilot signal of two or more waves and that falls in this specified narrow band, 
and then the amplitude and phase of a distortion component inserted by the pre-distortion 
nonlinear compensation circuit are automatically controlled by the nonlinear characteristic 
controller 13 to minimize [the intermodulation distortion component]. 

The operation of this device will be described in detail below, following the signal path. 
Figure 2 shows the spectra of a pilot signal created from two continuous waves of the same 
amplitude and different frequencies and of the intermodulation distortion component generated by 
inputting the same to the nonlinear circuit. In the figure, frequencies f^i and f^2 are pilot signals and 
frequencies 2f^i-f^2 and 2fp2-fpi are third-order intermodulation distortion signal components. 
When these two pilot signals are input to the system in Figure 1 as an input signal, the noise 
component for the narrow bandwidth of the specified frequency of one of either of 2f^i-f^2 and 
2fp2-fpi-> 2fpi-fp2 here, is completely removed. Next, a third-order intermodulation distortion 
component is generated by the pre-distortion circuit, and then a third-order intermodulation 
distortion component of the same frequency is further generated by the amplifier being 
compensated. The variable attenuator 7 and variable phase shifter 6 adjust the level and phase so 
that the distortion components generated by this pre-distortion circuit and compensated amplifier 
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negate one another. However, the distortion detector 12 will detect a third-order intermodulation 
distortion component (frequency 2f^i-f^2) if the two distortions are not adequately canceled. If this 
detected distortion component is above a specified level, the nonlinear characteristic controller 13 
functions to perturb the adjustment point of the variable attenuator 7 or variable phase shifter 6 and 
to detect any increase or decrease in the detected level of the third-order intermodulation distortion 
component produced as a result (frequency 2f^i-f^2}-> thereby discovering the direction in which the 
detected distortion component will be decreased as the direction in which the variable attenuator 7 
or variable phase shifter 6 should be adjusted, and then functions to adjust the characteristic of the 
pre-distortion circuit to the minimum distortion detection level point, i.e., the optimum 
compensation point. In order to realize this function, the nonlinear characteristic controller 
consists of a logic circuit, such as a microprocessor. Thus, as long as the optimum point has been 
set, control of the system can rest (i) for a specified time, (ii) until the detected level of distortion 
exceeds a specified level, or (iii) until a pilot signal for generating distortion is inserted into the 
system again as the input. Once the operating point of the distortion circuit has been adjusted to the 
optimum point, good nonlinear compensation can be performed over a broad bandwidth and over a 
broad dynamic range until the optimum compensation condition fails due to temperature 
fiuctuations, power fiuctuations, or long-term characteristic changes, etc., i.e., until control is 
subsequently begun, and therefore extremely stable distortion compensation characteristics can be 
realized. Insertion of the distortion generating pilot signal in the above operation employs methods 
of (1) continuously inserting two or more waves in idle bands of the data signal, as shown in Figure 
3, or (2) continuously inserting two or more waves that are also used for reserved circuit signals. 
Since nonlinear characteristic control is only performed for relays being used for stand-by circuits 
in the case of (2), nonlinear characteristic control of all relays can be accomplished by switching 
the current circuit with a stand-by circuit at specified cycles. 

In addition, since the pilot signal is regularly or periodically inserted, the pilot detector 14 
in Figure 1 detects the pilot insertion and thus has the function of starting operation of the 
nonlinear characteristic controller. The functioning of a case was described above in which a 
pre-distortion method intended to alleviate third-order intermodulation distortion noise was used 
as the aforementioned nonlinear compensation circuit, but this invention would be similarly 
practical in cases of construction of pre-distortion circuits expected to alleviate not only 
third-order intermodulation distortion, but also fifth-order intermodulation distortion, in the base 
band or intermediate band with a newly installed path with an input-output fifth-order 
characteristic nonlinear circuit 16, as shown in Figure 4. Furthermore, this invention is also 
similarly practical in cases where the nonlinear compensation circuit 15 is placed in a back-end 
cascade connection on the amplifier being compensated 9, as shown in Figure 5, or in cases where 
the nonlinear distortion generation circuit is connected in parallel with the amplifier being 
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compensated, as shown in Figure 6. In addition, this invention is also similarly practical in cases 
where alleviation of even-number-order high-frequency distortion components is expected, by 
adding an input-output second-order characteristic or input-output fourth-order characteristic 
nonlinear circuit, as in the addition of the input-output fifth-order characteristic circuit 16 in Figure 
4 and Figure 6. 

This invention, as described above, has the advantage of being able to perform highly 
stable nonlinear compensation of amplifiers and frequency modulators since it has the function of 
automatically controlling the characteristics of the compensation system so as to minimize the 
generation of nonlinear distortion noise regardless of the input signal and even if the 
characteristics of the system being compensated change due to temperature fluctuations, power 
fluctuations, or chronological changes, etc. It also has the advantage of being able to omit the work 
of initializing the compensation system and the system being compensated, which was necessary 
in the past to improve the compensation effect in each individual device. 

Finally, the conditions of embodiment of this invention are listed below. 

(1) The automatic-tracking nonlinear compensation method of Claim 1, characterized in 
that, when perturbation is performed, the relay is switched to a standby circuit on which a 
distortion-generating pilot signal is the input signal. 

(2) When the level of the intermodulation distortion component detected in the output 
signal of the system being compensated has dropped below a predetermined value, the 
perturbation operation is ceased for a predetermined amount of time, and the perturbation 
operation is restarted if the level of the distortion component exceeds the predetermined level 
during the cessation. 

(3) The perturbation operation is started by inputting the distortion-generating pilot signal 
as the input signal. 

Brief description of the flgures 

Figure 1 is a block diagram of an example embodiment of a device according to this 
invention. Figure 2 is a spectral diagram of the pilot signal and a third-order intermodulation 
distortion component. Figure 3 is an example of a spectrum when a pilot signal is inserted in the 
band of a data signal. Figure 4 is a block diagram of another example embodiment of a device 
according to this invention, and Figure 5 and Figure 6 are block diagrams of other example 
embodiments of devices according to this invention. 

1 . . . signal input port, 1 ... band stop fllter, 3, 10 ... power divider, 4 . . . delay line, 5 . . . 
input-output third-order characteristic circuit, 6 . . . variable phase shifter, 1 ... variable attenuator, 
8 . . . power combiner, 9 . . . amplifler that is the object of compensation, 11... signal output port, 
12 ... nonlinear distortion detector, 13 ... nonlinear characteristic controller, 14 ... pilot detector. 
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15 . . . pre-distortion nonlinear compensation circuit, 16 . . . input-output fifth-order characteristic 
circuit, 17 ... frequency modulator. 
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Figure 1 



Key: 12 Nonlinear distortion detector 

13 Nonlinear characteristic controller 

14 Pilot detector 
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Figure 6 
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